The effect of nutritional anemia on the tensile strength of healing soft tissue and bone wounds in the rat by Ewbank, Robert Leon
THE EFFECT OF NUTRITIONAL ANEMIA ON THE 
TENSILE STRENGTH OF HEALING son 
TISSUE AND BONE WOUNDS IN THE BAT 
Robert Leon Ewbank 
Submitted to the Faculty of the Graduate School in partial 
fulfillment of the requirements for the degree, Master of 
Science in Dtntistey,, in the Department of Oral. Pathology, 
Indiana University, 1961. 
Sou ~-~. 
List 
'. 13119 
ACKNOWIEDlEMENTS 
CKNOWIEOOEMENTS 
-
I would like to thank all the people who were so helpful 
while this project was being completed. 
Special acknowledgement is given to Doctor William.G. 
Shafer who ns so generous with his time and instruction. 
It was an honor to have had Doctor Shafer as rq co\Ulselor 
and as an instru.ctor dtiring my undergraduate and postgraduate 
training. To Doctor Shafer I am greatly indebted. 
I would like to thank Doctor s. Miles Standish for his 
advice and encouragement during the many hours of preparation. 
Miss Patricia G. Clark, H. T. (A .. s.c.P.) is to be richly 
thanked for her advice and help in the biological laboratoey-
procedures. Her valuable assistance was greatly appreciated. 
I would like to thank Mrs. Naomi Ress and Katey Kuntz 
for their untiring efforts in preparing the histol.ogical ma-
terial. 
Mrs. Gloria Spray and Mr. Richard Scott did the excellent 
photographic preparations and are to be highly praised for 
their work. 
The assistance given by the staffs of the Dental and 
:Medical. libraries was greatly appreciated. 
TABLE OF CONTENTS 
Pye 
INTRODUCTION••••••••••••••••••••••••••••••••• l 
REVIEW OF THE L.!TERA. TUBE ••••••••••••••••••••• 2-33 
Anemia •••••••••••••••••••••••••••••••••••• 2 
Experimental Production of Anemia •••••••• • .3 
Effect of Anemia on Wound Healing ••••••••• 9 
General Healing of Incised Soft Tissue 
Wounds •••••••••••••••••••••••••••••••••••• 11 
General Healing of Bone Wounds •••••••••••• 19 
Methods of Testing Tensile Strength o! 
Soft Tissue Wounds •••••••••••••••••••••••• 22 
Methods of Testing Tensile Strength of 
Bones ••••••••••••••••••••••••••••••••••••• 30 
METHODS AND !l\'IERIALS •••••••••••••••••••••••• 34 
Soft Tissne Wound Healing Experiment • ••••• .34 
Bone Wound Healing Experiment ••••••••••••• 4l 
RESULTS •••••••••••••••••••••••••••••••••••••• 51 
Soft Tissue Wound Healing Experiment •••••• . 51 
Bone Wound Healing Experiment ••••••••••••• 58 
DISCUSSION ••••••••••••••••••••••••••••••••••• 7$ 
SUMMARY •••••••••••••••••••••••••••••••••••••• 79 
CONCLUSIONS •••••••••••••••••••••••••••••••••• 81 
REFERENCES •••••••••••• ··············•••O•••• 82 ~ 
BIBLICXiRAPHY ••••••••••••••••••••••••••••••••• 88 
VITA. ••••••••••••••••••••••••••••••••••••••••• 99 
LIST OF TABLES 
Table E!i! 
I. Tensil.e Strength of the Soft Tissue 
Control Wounds••••••••••••••••••••••••••• S2 
II. Tensile· Strength of the Soft Tissue 
Experimental Wounds•••••••••••••••••••••• S.3 
!II.· Red Blood Cell Count of Soft Tissue 
Experimental. Anima.ls••••••••••••••••••••• S4 
IV. Red Blood Cell Count of Soft Tissu.e 
Control Animals•••••••••••••••••••••••••• S5 
v. Hemoglobin of Soft Tissue Experimental 
Animals •••••••••••••••••••••••••••••••••• 56 
VI. Hemoglobin of Soft Tissue Control 
Animal.s•••••••••••••••••••••••••••••••••• S7 
VII. Soft Tissue Stuey - Mean Weigllt of 
Animals in Grams••••••••••••••••••••••••• 59 
VIII. Tensile Strength of the Control Bone 
Wounds ••••••••••••••••••••••••••••••••••• 61 
IX. Tensile Strength of the Experimental 
Bone Wounds•••••••••••••••••••••••••••••• 62 
x. Tensile Strength of Unhealed Bones ••••••• 6.3 
XI. Red Blood Cell Count of Experimental 
Animals With Bone Wounds••••••••••••••••• 6S 
nr. Bed Blood Cell Count of Control Ani maJ s 
With Bone Wounds • ••••••••••••••••••••••• 66 
XIII. Hemoglobin of Experimental Animals With 
Bone Wounds •••••••••••••••••••••••••••••• 67 
XIV. Hemoglobin of Control Ani ma] s With Bone 
Wounds ••• •• •• ••.•••• ••••••••••• · •••••••• •• 68 
rl. Mean Weight of the Animals in the Bone 
Study in Grams••••••••••••••••••••••••••• 70 
LIST OF FIGUR&S 
Figure ~ 
l. Obtaining Blood From Tail•••••••••••••• 36 
2 • Clinical Photograph of Control Animal •• 37 
.3 • . Clinical Photograph of Experimental 
Animal ••••••••••••••••••••••••••••••••• 37 
4. Longitudinal, Soft Tissue Incision •••••• 39 
5. Closure of Longitudinal Soft Tissue 
Incision ••••••••••••••••••••••••••••••• .39 
6. Soft Tissue Wound Testing Apparatus •••• 42 
7. Placing of Wire Gauge for Determining 
Location of Bone Wound ................... la4 
a. Dissected Tibia Showing Bone Wound 
and Wire Gauge Relationship •••••••••••• Wa. 
9. Closure of the Skin After Making 
Bone Wound••••••••••••••••••••••••••••• 46 
10. Bone Breaking Ap~atus •••• ~••••••••••• 49 
n. Close-up View of Bone Breaking 
Apparatus•••••••••••••••••••••••••••••• 50 
12. Photomicrograph Showing Good Healing of 
a Control Soft Tissue WoUJld •••••••••••• 6o 
l). Photomicrograph Showing Poor Healing of 
a Control Soft Tissue Wound•••••••••••• 6o 
14. Radiographs of Healed Control Bone 
Wounds••••••••••••••••••••••••••••••••• 71 
15. Radiographs of Healed Experimental 
Bone Wounds•••••••••••••••••••••••••••• 72 
16. Photomicrograph Showing Low P01rer 
Magnification of Control Bone Healing 
Wound•••••••••••••••••••••••••••••••••• 73 
17. Photomicrograph Showing High Power 
Magnification of Control Bone Healing 
Wound •••••••••••••••••••••••••••••••••• 73 
LIST OF FIGURES (Continued) 
Figure !!&!. 
18. Photomicrograph Showing Low Power 
Magnification of Experimental Bone 
Healing Wound•••••••••••••••••••••••••• 74 
19. Photomicrograph Showing High Power 
Magnification of Experimental Bone 
Hea.ling_Wound •••••••••••••••••••••••• o. 74 
INTRODUCTION 
INTRODUCTION 
Many aspects of wound healing have been stndied experi-
mentalJ:7 in both animals and humans in considerable detail, but 
the influence of nutritional anemia on wound healing has had 
'little :mention in the medical or dental litera~. 
l 2 
It has been the clinical impression of some surgeons 1 
that wounds in anemic patients heal poorly. The few controlled 
studies which are found in the literature, however 1 appear to 
be inconolusi ve as far as determining whether a nutritional ane-· 
mia does have an adverse effect on wound healing in experimental 
animals. It was felt, therefore, that the problem of nutritional 
anemia and its relationship to experimental wound healing should 
be further investigated. 
BEVIEW OF THE LITERA. TORE 
REVIEW OF THE LITERATURE 
Anemia is recognized as a reduction in the number of 
erythrocytes or a reduction in the ·amount of hemoglobin per 
unit volume of ci~ulating bloodo It may res~t fro~ a ~reat 
many causes and is often 'accompanied by various changes in the 
.appearance of erthroc:rt;es. The common classifications of ane-
mia are based either on the structural changes in the eryth-
rocytes or on the etiology and pathogenesis o:f the disease. 
If an adequate ·amount or iron is not available for hemo-
globin formation, a. microcytic eypochromic type of anemia will 
3 . develop. Beutler presumed that the primary defect is in the 
synthesis of the prosthetic group of hemoglobin, heme. There-
fore, he carried out a stucy to determine the iron content of 
hemoglobin in iron deficiency. He concluded from his findings 
that in iron deficiency a defect in the heme synthesis appears 
to limit in some manner the synthesis of globin. 
In iron deficiency anemia, there is a reduction in the 
blood hemoglobin level which is proportionately greater than 
the reduction in the number of erythrocytes. The mean corpus-
cular hemoglobin concentration is found to be below normal. 
The hematocrit reading is low and this reduction in the volume 
of the packed erythrocytes is also proportionately greater than 
the reduction in the number of erythrocytes. A low volume in-
dex results and the mean corpuscular volume is found to be de-
creased, an indication that the average size of the erythrocytes 
2. 
. 4 
is less than normal • 
5 Schwartz and Flowers found that the development of iron 
deficiency anemia is characterized by (l) a linear fall in the 
hemoglobin and ( 2) a fall in .red blood cell count which lags 
behind the hemoglobin fall and results in a progressive diminu-
tion in color index. At a hemoglobin level of about 25 per cent 
(3.9 grams), the color index reaches its minimum (about o.S) 
and,, from this point on, the fall in hemoglobin value and the 
fall in red blood cell count parallel each other. Character-
istic morphologic changes occur in the red blood cells with the 
fall in color index in the follolling order: microcytosis, 
h1Pochromia, anisocytosis; and poikilocytosis. 
Experimental Production of Anemia • 
. 6 . 
Mitchell and Schmidt have shown that a true nutritional. 
anemia can be produced in rats born to parents fed diets low in 
iron. The red blood cell counts of the anemic rats ranged from 
1.3 to 4.9 million per cubic millimeter. 
7 ' 
Waddell, Steenbock, Elvehjem, and Hart reported in 1928 
that young rats produced in their stock colony, when weaned at 
the age of 3 '00 4 weeks and placed on a whole (cow) milk diet., 
developed a profound anemia in 6 to 8 weeks. They found that 
the hemoglobin levels were reduced from a level of l0.8 grams 
per 100 cubic centimeters of whole blood to 4 grams or less. 
They noticed that the rats grew well for a period of 4 to 6 
3. 
weeks on the milk diet, but after this time the weight gener-
ally became sta.tiona17 and final~ a rapid decline occurred. 
After eight weeks, death rapidly ensued. 
Elvehjem and Kemmerer8 reported an improved technique for 
the production of nutritional anemia in rats by allowing a preg-
nant rat no dry food in the cage, but feeding whole (cow) milk 
ad libitum. The mother was removed to a separate cage every day 
for the feeding of the dry ration and returned to the young 
after being thoroughly brushed to remove any adhering food. By 
this procedure,, the young obtained only the mother's milk until 
they were 12 days old. After their eyes were opened, they also 
consumed some of the milk1 but they came into contact with no 
other food. The mother was removed when the young were 2l days 
of age. A severe anemia developed within 2 weeks after weaning. 
The weight of the animals decreased during the second and third 
weeks, and very few rats lived past four weeks. They found that 
the hemoglobin content of the blood during the second week was 
generally between 2.0 and J.5 grams. The rats seldom survived 
more than a few days lilen the hemoglobin reached a level of 2.0 
grams. 
9 
Robscheit-Robbins and 'Whipple found that in dogs the he-
moglobin production was increased as the anemic condition became 
more severe. 
10 
Smith and Medlicott have stated that a deficiency of iron 
or copper or both produces an anemia in the rat that morpholog-
4. 
ically may be classified as microcytic and bypochromic. 
Cunningha.m.11 suggested that the anemia that develops 
in rats fed a diet of cow1 s milk possibly may be due, in part., 
to Bartonella infection. Newly weaned .rats {3 to 4 weeks old) 
restricted to such a diet consume only about 30 milliliters of 
milk daily- 'Which is approximately 4 grams of solid material 
per day' compared to 10 to l5 grams per day consumed by rats on 
a solid diet. This inadequate caloric value of the food along 
wi. th the susceptible age of the rats produce a set of c·ondi tions 
favourable to the development of .Bartonella niu.ri.s infection. 
12 Gorter in 193.3 attempted to establish the importance of 
copper deficiency by determining the copper content of the blood 
in patients with nutritional and other forms of anemia;. He felt 
that if copper were one .. of_ the causative .factors in nutritional 
anemia, then the copper content of the blood should be lower. 
However, just the reverse was found. He reported that human 
patients 'With nutritional a.I).emia _have a higher level of copper 
in the bleod than did individuals without nutritional anemia of 
the same age. He stated that 11the production of hemoglobin re-
quires a certain amount of copper and its increased production 
in anemia requires more copper. If it _is not present, then the 
hemoglobin production can not take place". 
In 1935 Elvehjem13 carried out~ excellent review of the 
literature on copper and its relation to iron metabolism. He 
stated that copper is necessa:ey as a supplement to iron tor 
s. 
hemoglobin form.a tion in red blooded animals. Copper is not 
concerned with the assimilation of iron, but rather with the 
transf orma.tion of the ingested iron into hemoglobin. He men-
tioned that milk has a low concentration of copper ~d iron. 
lh 
Schultze, Elvehjem, and Hart reported studies on the 
copper content of the blood in nutritional anemia in pigs. 
They found that hemoglobin and ecythrocyte formation does not 
take place in spite of the high copper content of the blood 
if iron is lacking, and the anemia will persist. They also 
noted that pigs suffering from a nutritional anemia due to 
iron and copper deficiency, exhibited a decrease in the copper 
content of the blood which falls to an extreme~ low level, 
but that the feeding of 2 to 4 milligrams of copper per day 
with iron results in a very rapid and significant increase 
of the copper content of the blood. They felt that rapid 
continuous hematopoiesis can not take place unless the copper 
content or the blood is maintained above a minimum. level. 
lS 
Cunningham has shown that copper deficient heifers have 
a high incidence of bone fractures, usually the humerus. The 
fractured bones showed a very mild degree of osteoporosis, but 
were virtually normal in appearance and showed no macroscopic 
defect that would acco\Ult for their apparent brittleness. He 
also observed a definite osteoporosis in lambs that had been 
fed a copper deficient diet. The mechanism of this bone change 
is unkno'Wll. 
6. 
16 
Teague and Carpenter produced copper deficiency in grow-
ing pigs and noted, in addition to a dietary anemia, that a 
deformity of the leg occurred. There was a lack of rigidity' in 
the leg joints and the hocks became excessively flexed, forcing 
the animal to assume a sitting posi ti.on. The forelegs showed 
various degrees and types of crookedness. Therapeutic cases of 
copper were shown to be effective, and in some cases brought 
about a complete reversaJ. of symptoms. 
Lahey, Gubler, Chase, Cartwright, and Wintrobe17 noted 
that the anemias which developed in copper defici~nt and iron 
deficient swine were very similar morphologica.J.q, as well as 
biochemically. However, they mentioned findllig skeletal abnor-
malities in the animals 'Which 11ere copper deficient, but made 
no mention of this fact in iron deficient animals. 
In a microscopic study of copper deficient dogs by Baxter, 
. 
18 th ~ d. . Van Wyk, and Follis ere was .1.oun an excessive resorption 
of bone, particularly around the inner portions of the cortex 
and also in the shaftward portions of the metapeysis. There 
was also decreased deposition of bone matrix. These changes 
did not appear to be related to the bone marrow h1:Perplasia. 
They concluded that the bone disorder consisted or a diffuse 
osteoporosis with no primary disturbance in the calcification 
mechanism. 
19 
Baxter, and yan Wyk found that young dogs ma.de severely' 
copper deficient developed a bone disorder characterized by-
abnormally thin cortices, deficient t;abeculae and wide 
epiphyses. Anemia and graying of the hair al.so occurred. 
Deformities and fractures of the bones occurred in 'IJJJfJn1' of 
the copper deficient animals. The disorder was relieved 
by the administration of copper and did not occur in the 
control animals. Iron deficiency with severe anemia did 
not produce similar bone changes, apparently indicating 
that the bone disorder is a specific effect of a copper 
deficiency. 
20 
Van Wyk, Baxter, Akeroyd, and Motulsky noted tba t dogs 
anemic, due to an iron deficiency, had the classical changes 
in peripheral blood consisting of relatively normal numbers 
of red blood cells, but a ma.need decrease in red cell size, 
hemoglobin content and concentration. In the bone marrow, 
iron deficiency resulted in hyperplasia of hemoglobin deficient 
normoblasts with no appreciable shift to the left or evidence 
of a disorder of maturation. In contrast to the anemia of iron 
deficiency, the anemia which occurred as a result of copper de-
ficiency was characterized by a reduction in the number of eeyth-
rocytes, 111 th the maintenance of relatively normal red cell in-
dices. In the marrow there was no evidence of a deficiency in 
hemoglobin content, but evidence rather o.f' a defective develop.. 
ment of cells of the eryi;hrocytic series. They emphasized that 
copper is essential for normal maturation of the erythrocytic 
elements of the marrow and production of normal numbers of red 
blood cells. 
8. 
21 
Follis, Bush, Cartwright, and Wintrobe carried out 
microscopic examination of bones of swine which were copper 
deficient and .found that there was a marked reduction in os-
teoblastic activity as evidenced by a failure of bone to be 
deposited on the calcified cartilage matrix; furthermore, the 
latter is not resorbed in the normal fashion. In contrast, 
growth of cartilage is not affected. It would appear that 
thimdng of the cortex is due to decreased osteoblastic activ-
ity as well. 
The Effect Of Anemia On Wound Healing. 
In 1943 Besser and Ehrenhaft22 studied the tensile strength 
of stomach wounds in dogs. They used 2.6 control and 26 experi-
mental animals which were ma.de acutely anemic pre-operatively 
by bleeding. Intravenous pooled plasma was given at the time of 
bleeding to replace the lost fiuid. Daily determinations of 
tensile strength were carried out and it was found that the hem-
atocrit had returned to the normal level by the eleventh day. 
They concluded that acute anemia in dogs does not retard wound 
healing as judged by tensile strength and microscopic study. 
Sandblom23 used rabbits in another study of the effect of 
anemia on wound healing. Skin 110unds were produced before the 
animals were bled, and the tensile strength tested from 5 to 7 
days attar the wounding. New wounds were then placed in the 
same animals after they had been bled. It was found that with 
acute anemia there was a decrease of 39.2 per cent in tensile 
strength of the wounds. In the ani:mals with control wounds the 
hemoglobin value was 78 per cent, and in the animals with expel'-
imenta.l w.>unds the hemoglobin was 35 per cent. 
Waterman, Birkhill, and Levenson24 produced nutritional. ane-
mia in albino rats by maintaining them .on an unsupplamented diet 
or ordinary pasteurized cow's milk. One group of control animals 
was fed milk plus iron diet and another group stock laboratory 
diet. Hemoglobin and semm protein studies were performed on all 
animals. The anemic animals had a hemoglobin level o:r 5 to 7 
grams. Three centimeter midline laparotoll\V incisions were made 
on 130 animals, and the tensile strength tested at 31 5, 11 91 
and 11 days post operatively. They tested the tensile strength 
of the wounds by inflating, at a fairly constant rate, an intra-
abdominalq placed condom until the wound disrtipted. They con-
cluded that there was no significant dif f'erence between the means 
of the tensile strength of the owids of the anemic, non-anemic 
milk plus iron, and the control animals of the same weight as the 
milk-fed rats. 
2S 
Sako, Kremen, and Varce measured the healing strength of 
standard wounds in anemic and starved animals and found tba t, 
after treatment with blood transfusions or refeeding, the ten-
sile strength of the wounds increased virtually to the control 
normal values. This study demonstrated that an impairment of 
wound healing, secondary to either acute or chronic anemia, is 
correctable bJ transfusion o:r either fresh or banked blood at., 
10. 
or immediately after, the standard opera ti on. 
General Healing Of Incis~d Soft Tissu~ Wounds. 
Harve,-26 studied the velocity of growth or fibroblasts in 
healing vmunds of rat• s stomachs and round that the tensile 
strength of a healing wound was a function of the multiplica-
tion and maturation of the fibroblasts. He also noted that 
there is a la.tent period of about 4 days after infliction o.f 
the 1V0und before fibroplasia becomes appreciable. In 1930 Har-- · 
vey and Howes 27 tested the tensile strength of healing wounds 
of rat• s stoma.ohs to determine the effect of a high protein diet 
on the velocity or the growth of fibroblasts in these healing 
wounds. From their stuey they felt that, once growth bas start,.. 
ed, the velocity of the fibroblasts distinctly- increase by a 
high protein diet. They felt tha. t the maxi nnim. strength of a 
wound may be reached some 2 · days earlier than in animals fed 
a standard diet. 
28 In 1932 Howes and Harvey studied the age factor in rela-
tion to the velocity of the growth of fibroblasts in the healing 
wound and found that healing in the young is more rapid than in 
adults, because the rate or fibroplasia is greater. They pre-
sented curves to substantiate their findings that there is a 
shorter ·lag period in developing tensile strength with young 
rats and the tensile strength is greater in the young animals. 
A year later Howes, Briggs, Shea., and Harvey-29 studied the 
n. 
effect of complete and partial starvation o:o. the rate of fibro-
plasia in the healing wounds of rat stomachs. They carried out 
daily tensile strength tests and found that the healing strength 
of wounds produced in the stomachs of adult rats was not appre-
ciably affected by complete starvation. The wound tensile stret;igth 
in the experimental adult rats was not affected by feeding them 
one-balf the amowit of diet given the control animals. On the oth-
er hand1 the healing of 1V0unds in the stomachs of young rats was 
decidedly retarded by restricting their diet to only one-half that 
amount given the control anjma.J s. The investigators felt that the 
retardation of the healing wound in the young rat could possibly 
be due to .the fact that there was not enough food element or ele-
ments capable of stimulating and maintaining cellular prolifera-
tion during this ear~ age. The adult rat stomachs healed in 
spite of great variations in the amount of food consumed • 
.30 
In 19.35 Howes and Harvey pointed out that, so far as the 
function of tensile strength is concerned, we are dealing prim.a-
rily and essentia~ with the growth and maturation of the fibro-
blast. They stated that fibroplasia starts abruptly at the .fourth 
day and proceeds w.i..th decreasing velocity until a maximum strength . 
for this phase of healing is reached at the 12th to the 14th day'. 
By the 6th day approximate~ one-third, and by the 8th day approx-
imately two-thirds of this strength is obtained. They felt that 
wound healing is ·only disturbed by a profound systemic change. 
No attempt was made to stu.ey- the effects of anemia on wound heal-
ing. 
12. 
.31 Smelo approached the problem of wound healing by attempt-
ing to determine the effects of local agents. He used a variety 
of materials, such as antiseptics, stimulants, and inert mate-
rials, and found through a method of quantitative evaluation that 
there was no effect of local agents on the velocity of wound re-
pair. Factors other than the local dressing appeared to play the 
dominant role in determining the rate of wound healing. 
La.n.ma.n and Ingalls32 studied the effects of vitamin C defi-
ciency on the tensile strength of wounds and found that, in the 
scorbutic group of animals, tensile strength averaged only one-
third that or the normal. group. 
Taffel and Harve;.3 have suggested that the lack of vitamin 
C ma.7 be the causative factor in those cases of wound disruption 
in humans where there is no evidence of infection, and where the 
patients have been on an inadequate dietary· regime. Partial 
starvation,, as manifested by a loss of body weight, seemd to 
have no effect on the progress of healing in the control • 
.34 Burr, Harvey, and Taffel felt that the determination of 
tensile strength must be concerned with at least 2 processes,, 
one of cell proliferation,, and one of cell differentiation. In 
normal development, the two events do not occur in the same cell 
simultaneously. Rather, each cell takes part in the mitotic 
activity· of a group of cells for a period of time after which 
it undergoes, with other_ cells, a period of differentiation. 
As growth proceeds 1 new cells enter mitosis and then differentiate 
adding thereby to the new structure. 
In 1938 Thompson, Ravdin, Rhoads, and Fra.nk:J.5 studied the 
effect of bypoproteinemia on wound disruption in the abdominal 
wall of dogs. They controlled all P?ssible variable factors 
except hypoproteinemia, but disruption of the wounds still oc-
curred in a large number of the wowids. The failure of the 
wounds to heal was believed to be associated with the hY,popro-
teinemic state. 
The relation of protein deficiency to experimental wound 
healing in the rat also bas been studied by Kobak., Bendi tt1 
Wissler, and Steffee36 in 1947. Their results led them to be-
lieve that protein deficiency hampers wound healing from the 
third through the fifth post operative days. It is apparen~ 
due to a diminution in the number of fibroblasts, a decrease in 
their rate of maturation, and a general failure to organize 'With 
adequate density along the lines of stress. · Thia leads to a 
delay in maturation and transformation of the reticulum into ma-
ture collagen. The wounds also tend to heal with more infection. 
Charney, Williamson, and Bernhart37 carried out determina-
tions of tensile strength of healing wounds in rats and found 
that their data confirmed the report of Harvey and Howes27 on 
the beneficial effect of high protein diets on the healing of 
experimental wounds. 
Fendlay and Howes38 suggested from their experiments that 
edema per se does. not interfere with fibroplasia and wound heal-
ing, if the protein needs of the cells are adequately supplied. 
.39 Williams, Ma.son, and Bradshaw have shown that secondary 
wounds in rats with normal plasma proteins gain in tensile 
strength more rapidly than primary wounds in the same animal. 
The over-all strength of wounds in eypoproteinemic rats is less 
than of those in animals 1fi th nomal plasma proteins. However, 
the secondary wound in blPoproteinemic animals is stronger dur-
ing the first six days of healing than is the primary wolllld in 
animals with a normal plasma protein during the same time. 
In 19.39 Lawrence, Pearse, and Mid.er40 studied the effect 
of injecting antileukocytd.c serum into guinea pigs and the re-
la tionship to wound healing. They felt that the essential 
feature of repair is fibroplasia, and the polymorphonuclear 
neutrophil plays a part in the repair of wounds only so far as 
it helps to combat infection. 
41 Burr, Harvey, and Ta.ffel carried out an electrometric 
study of the healing wound in man and found that the immediate 
reaction to injury and the subsequent repa.rati ve process induced 
by an incised wound as measured by its tensile strength always 
occurred in a consistent marmer. The phase in which the exuda-
tive reaction predominates was represented in their curve as a 
"lag period" of about four days, during which there was no mate-
ri.a.J. increase in the tensile strength. This was followed by the 
proliferative phase, histological.ly marked by a rapid increase 
of fibroblasts with an increase in tensile strength which near 
the tenth day cause the curve to become asymptotic. 
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42 In 1940 Pres.ton reported the effects of sutures on the 
strength of healing wollllds in rats,, noting that wounds closed 
w.i. th annealed stainless steel wire (35 Band S gauge) possessed 
the greatest average strength and showed the least local reaction 
to the suture material. Wounds that were closed with number O 
plain catgut were weakest and showed the greatest local reaction 
to sutures. Gross infection was not present in any of the wounds 
closed w.ith wire, but was present in some of the wounds closed 
w.ith silk1 chromic catgut, and plain catgut. He also noted that 
interrupted loose stitches placed near the wound resulted in the 
strongest skin wounds. Continuous tight stitches were found to 
produce the weakest skin wounds. 
In 1943 LocaJ.io, Casale, and Hinton43 studied the effect of 
infection on wound healing in rats. They operated several hun-
dred rats 'With a sterile technique, and perfonned cultures for 
aerobic organisms. They found that 20 per cent of the catgut-
sutured wounds were positive for organisms, but only 7.1 per 
cent for silk, 7.8 per cent for wire, 4.7 per cent for cotton, 
and 7 • .3 per cent for nylon. They also found that microscopi-
cally there were marked differences between the catgut and non-
absorbable suture materials. In cat.gut there was seen an acute 
intense prolonged inflammatory reaction associated with wide-
spread death of tissue and abscess formation. The delay in final 
healing of catgu~sutured wounds, as noted in studies of tensile 
strength and also microscopically, must be att ributed to the 
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more widespread destruction and acute inflammatory reaction of 
the tissues in these wounds. Their conclusions were that non-
. absorbable sutures are superior to absorbable sutures 'With re-
spect to tensile strength and that in this same respect, one 
non-absorbable suture is not to be pref erred over another. 
They felt that an increase in tensile strength associated with 
a particular type of suture material should be taken into con-
sideration for clinical application. They found no real basis 
for pref erring one non-absorbable suture over another as fa.r as 
tensile strength of wounds during the first 5 post-operative 
days was concerned. Both non-absorbable sutures resulted in 
stronger wounds than did catgut sutures. 
Chassin, McDougall, MacKay and Localio44 studied the effect 
of stress upon the healing of wounds in rats and found that there 
was no significant difference between bursting pressure of con-
trol and experimental animals. 
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Savlo, and Dunphy showed that disrupted and resutured 
wounds acquired more strength by the third day than primary 
three day wounds. They found that cortisone in large doses 
started before wounding retarded healing, and abolished the 
accelerated rate of healing in three day resutured wounds. 
However, if cortisone were started at the time of disruption 
of the primary wound, it did not inhibit the accelerated heal-
ing of the resutured wound. They stated that local factors are 
responsible for faster healing in resutured wounds, although 
the nature of these remains to be determined• 
17. 
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Borgstrom and Sandblom studied suture teclmique and 
wound healing in rabbits and found that, with the same degree 
of" tissue tension, there was no difference in wound healing 
whether interrupted sutures or continuous sutures were used. 
There -was not a statistically significant difference in wound 
healing except when wounds with and without tissue tension were 
compared. This comparison showed that wounds closed with ten-
sion have a lower tensile strength. 
Sha.fer, Beatty, and Davis47 studied the effect of dilantin 
sodium on healing wounds in 19.58,, and found that systemic ad-
ministration of the drug produced a dramatic increase in tensile 
strength of such wounds in rats. They felt that this probabl.:y 
was a function of increased collagenization1 the same basic re-
action which accounts for the undesirable side reaction of 
gingival hyperplasia in epileptics receiving the drug. The 
mechanism of action of the dilantin sodium on wound healing is 
unknown. 
Nishihara and Pru.dden48 found from a study on rats that 
transverse incisions are considerably stronger than midline 
incisions. They found that there is no appreciable decrease 
in wound tensile strength when the abdominal incisional length 
was increased from 50 to 100 per cent 01' the maximal possible 
length. ·They, therefore, suggested that incisions for major 
abdominal operations should be made as long as is necessary to 
eliminate completely any interference w:i. th exposure referable 
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to inciaional length since such a practice will result in no 
significant decrease in wound strength. They also noted that 
post-operative extema.l abdominal support decreased the inher-
ent tensile strength or wounds. 
General Healing Of Bone Wounds. 
Lindsay and Howes49 studied the breaking strength of heal-
ing fractures in rats and concluded tha.t the strength of the 
bone first manifests itself by the sixth day and increases rap-
idly to the twenty-first day. A period of decline in strength 
occurs after the twenty-first day1 during and following which 
time the callus decreases. There is a secondary rise in strength 
from the thirty-third to forty-i'ifth day. 
. So McKeown, Lindsay, Harvey, and Howes found that the break-
ing strength of healing fractures in rat fibula.a was positively 
correlated with fibular length and animal weight. 
The effect of insulin on the healing of experimental frac-
tures in the rabbit was studied by Stuci?1 in 19320 He felt 
that healing of fractures was an essentially local process. in-
volving local vascular changes and redistribution of calcium. 
He also felt that insulin had no clinical application in bone 
healing, even though he found a slight increase in the rate of 
calcification of the callus in the rabbit. 
52 Gregory st~died the effect of systemi.cal~ administered 
prota.mine-zinc insulin on the healing of both bone and soft 
tissue wounds and found that there were no differences in the 
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degree of healing between the control and experimental groups 
which could be detected by histologic study, roentgenographic 
stuey, or by breaking strength tests. 
Bell., Cuthburtson, and orr53 studied the strength and size 
of bone in relation to calcium intake, and found no harm.ful 
effects occurred in rats maintained on a diet containing more 
than o • .36 per cent calcium, but there was apparently no advan-
tage or such a high intake. 
In 1947 Bell, Chambers, and Dawson54 studied the mechanical 
and structural properties of bone in rats on a rachitogenic diet. 
They found that there is no disturbance of the fundamental plan 
of ossification in rats suffering from rickets. 11The weakness 
of the rachitic bone is sufficiently explained by the reduction 
in inorganic material relative to the organic material." 
Bourna55, in 1942, showed that the deposition of bone salt 
in normal and regenerating bone is retarded in scurvy, but pure 
synthetic vitamin C permits this process to take place. "Vita-
min c may play some part in the formation or stabilization of 
alkaline phosphatase.• 
Bell and Cuthbertson56 studied the effect of various hormones 
on the chemical and physical properties of bone in 1943. They 
found that the bones from rats treated with extracts of the ante-
rior pituitary, parathyroid and oestradiol dipropionate were 
proporti.onate}1" larger and stronger than those from the controls; 
the reverse was true of the femurs in animals administered tey-roid. 
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However, the difference in the quality of the bone as indicated 
by the brea.ld..ng strength of the experimental and control animals 
was slight. They concluded that the differences in the break-
ing strength were the result of changes in the dimensions or the 
bones rather than in the quality or the bones. The latter char-
acteristic,, as indicated by the slight differences in the break-
ing strength of the bones, was not changed by the hormones ad-
ministered w the animals during the experiments. 
Gardner57 found that estrogens were associated with the 
breaking strength of mice femurs, producing stronger bones in 
braaldng strength. 
Deaton, Forsyth, Coppedge, and BradshaJ8 studied the ef-
£ects of sex hormones in the healing fractures of dogs. They 
found that sex hormones have no demonstrable effects on experi-
mental fracture healing in healthy adult dogs as determined by 
evaluation of the roentgenogra.phic changesJ pertinent blood 
chemistry findings, weight nuctua.tions and breaking strengths. 
Eskelund and P1uJ9 studied the effect of extracts of 
thymus, :cympbatic, splenic, and adrenal tissue and found that 
the thymus extracts contain a factor which when injected intra-
muscularly in adequate doses distinctly accelerated healing 
fractures. Their results Yd.th lymphatic and adrenal tissue were 
not comprehensive_ enough to permit a definite conclusion. Splen-
ic tissue was not effective in accelerating healing fractures. 
21. 
Gillespie60 investigated the nature of bone changes asso-
ciated with nerve injuries and disuse. He tested the ultimate 
bending stress of bones from kittens in the same fashion as 
described by Bell, Cuthbertson and orr53• He noted that the 
average ultimate bending stress of the bones was greater in 
the denerva.ted limb in which the anterior and posterior spinal 
roots had been sectioned. He concluded that the altered changes 
in the physical properties1 including ultimate stress., of bones 
fTOm the paralyzed limbs was almost entirely due to a decrease 
in the quantity of bone resulting .from secondary loss of muscle 
activity. He .found no evidence that vascular changes were in-
volved or that nerves exert any specific trophic influence on 
bone. 
Savchuck61 studied the effects of strontium and fluorine 
on the repair of unreduced humeral fractures ·in the adult rat 
and found that there was no significant effect upon the break-
ing strength of the fractured humerus. 
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Fahim carried out a histologic study of bone repair i..Tl 
lateyritic rats and found that if aminoacetonitri.le were admin-
istered to rats with experimental bone wounds, there was an 
inhibition of bony union. 
Methods of Testing Tensile Strength of Soft Tissue Wounds. 
63 In 1929 Howes., Sooy, and Harvey produced incisions in the 
skin., muscle, fascia, stomach, and intestines of dogs, sutured 
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the wounds and tested their tensile strength at various time 
intervals. At the time of testing, the tissue containing the 
wound was removed from the animal, the length of the wound 
determined, and its tensile strength determined on a Scott 
thread-testing machine. 
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Harvey- approached the problem of testing tensile strength 
in another manner during the same y-ear. He made incisions in 
the stomachs of rats, sutured · the wounds, and also tested their 
strength at various periods. At the time of testing, the esoph-
agus was ligated and a cannula inserted into the pyloric area. 
The cannula n.s connected to a source of air pressure. Air was 
admitted at a unifom rate until the stomach wound ruptured. 
The pressure of air was measured by a mercury manometer recording 
on a revolving drum. 
Harvey and Howes27 used the same procedure in 19.30 and con-
cluded that this teclmique does not give an absolute value of 
the strength of the stomach or wound but inasmuch as the data. 
desired are that of the relative change in strength, the method 
seemed adequate. 
Ellis64 devised a.n apparatus in 19.31 to test the tensile 
strength of wounds made with a steel knife blade versus wounds 
made electrically. The apparatus consisted of a tensiometer 
with an arm balance devised to pull the wound apart. The tissue 
-was removed from the body and one end of the tissue was clamped 
in a sta. tionary position while the other end of the tissue was 
clamped to a wire cable which ran over a 'Wheel to the arm of 
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the balance. Weight was then ·added to the balance until the 
wound disrupted. 
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In 1937 Burr and Hovland used the Burr-Lane microvolt-
meter to determine with reasonable certainty bio-electric 
potential differences in the living organism. They showed that 
it was possible to study changes in the gradient with time and,, 
thereby1 use it as a measuring scale for growth in the living 
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organism. In 1938 Burr1 Harvey and Taffel used the Burr-
Lane microvoltmeter to record at frequent intervals th~ growth 
processes of a wound without inteITUpting its healing. They 
marked points on guinea pig flanks and measured e. m. :r. be-
tween two points. This was performed on incised areas as well 
as on non-incised areas. The data showed a marked change in 
the potential gradients between the normal skin and the area of 
injllrJ" and by these means were able to ~lot the rate of healing 
of a wotmd. 
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Lanman and Ingalls devised an apparatus with a mercurr 
spbygmomanometer1 the closed circuit of which was connected to 
a free length of rubber tubing to which a lumbar puncture nee-
dle was attached. The needle was inserted into the peritoneal 
cavity or into a hollow viscus and air pressure was increased 
until disruption occurred. 
42 Preston devised an apparatus to test the effects of su-
tures on the strength of healing wounds. The testing appa-
ratus consisted of a frame w.i.th parallel vertical supports 
holding a transverse metal rod at the top of which was suspended 
a calibrated suture testing scale ma.de by the Holland Company 
of· WilHma.ntic, Connecticut. Within the vertical. support was 
placed a rectangular platform bearing a 10 kilogram we~ht. 
From the testing scale hung a system of 2 clamps which held 
the ends of the excised wound segment to be tested. The plat-
form bearing the 10 kilogram. weight could be hoisted and the 
lower tissue clamp attached to it. By lowering the platform 
slowly the tissue clamp system could be made taut and at this 
point the platform was halted and made fast by a supporting 
twine t.ied above. When the twine was cut with scissors, the 
falling 10 kilogram weight on the platform pulled directly 
against the vertically arranged tissue clamps and testing scale 
system. The amount of force which the incision resisted before 
breaking was registered on the testing scale. An accurate read-
ing of the strength was facilitated by r tchet which prevented 
the scale from snapping back when the tissue broke and th pull 
ceased. 
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Botsford tested tensile strength of skin wounds by firm-
ly clipping a Michel skin clip 3 millimeter wide or a small 
towel clip on each side of the w:>und at right angles to its aP-
proximate midpoint, and about one centimeter from it. Two hooks, 
one on each side, were inserted through the loops of the skin 
clips. The screw handle of the tensiometer was then turned slow-
ly. This exerted constantly increasing tension upon one side of 
the wound whereas the other side remained fixed. The amount of 
tension under which the wound separated was read directly from 
2$. 
the spring balance. When wounds of similar size are tested in 
the same fashion each time, the error should be constant and 
the results consistent and accurate for comparison in a series. 
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Localio, Casale, and Hinton tested wound tensile strength 
by inserting a 24 gauge hypodermic needle into the peritoneal 
cavity of the animal. It was then connected to the air bulb of 
a sphygmomanometer. Air was slowly pumped into the peritoneal 
cavity until the abdominal wall was raised from the peritoneal. 
viscera. A second 24 gauge needle then was inserted into the 
peritoneal ca.vi ty. This needle was attached to a V-tube con-
taining mercury which was calibrated in millimeters. The in-
traperi toneal pressure was increased slowly 2 millimeters at 
a time until disnption of the previously inflicted healing 
wound occurred. 
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A modification of Harvey•s teclmique ns devised by 
6 . 
Newburger 9 in 1943. He interposed a one gallon glass jar in 
parallel between a mercury manometer, a compressed air tank 
and a delivery needle. This served to equalize the rise in 
pressure. An intraperitoneal needle was then inserted and the 
animals were sacrificed under wa. ter. By sacrificing the ani-
ma.ls under water it was possible to observe the escape of the 
first air bubble, which was recorded as the rupturing point 0£ 
the 110und• 
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Kobak., Benditt., Wissler., and Steffee found that, by re-
leasing air slowly from a reservoir bottle into an intra-ab-
dominall;r placed condom, it was possible to measure with a 
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manometer the amount of pressure necessary to disrupt wounds 
of the abdominal wall of rats. This measurement was recorded 
auto~tically on a kymograph. After the point of separation 
had been determined, the pressure necessaey to expand the con-
dom through the previously disrupted incision was al.so estab-
lished. The l.atter figure was considered the base line and 
represented the pressure dissipated in expansion of the balloon 
against the enclosing tissue of the peritoneal. cavity and through 
the wound itself.. By subtracting the point of separation from 
the base line, an objective estimate of the tensile strength of 
the wound could be obtained. This method tests the maxi mnm 
strength of the wound, whereas in previous devices such as Har-
27 . . 
vey and Howes the weakest part of the wound allowed escape of 
the air first. 
In order to determine the tensile strength of a wound, 
Charney, Williamson and Bernhart37 cut out a o.50 centimeter 
strip of skin at right angles to the wound, and fastened the 
ends of the strip to clamps. .Mercury was driven into a balloon 
with compressed air at a rate of 900 to 1,100 grams per minute. 
When the limit of strength of the skin strip was attained, it 
broke and the balloon in the container fell pulling out a stop-
per automatically halting the flow of mercury. The container 
with the mercury was then weighed. 
A box-like rigid framework of steel, made from a standard 
type material commercially known as ttfiexframe", formed the 
basic structure of an apparatus devised by Williams, Mason and 
Bradshaw39 to study wotmd healing. Between the sides was 
located a plastic table adjustable in height to support an 
animal boa.rd. Two plastic needl.e-bearing type pulleys, .3 
inches in diameter, were located on either side of this table 
and held rigidly in position. Strong nylon fish line was used 
to connect the metal arms attached to the abdominal wall on 
either side of the wotmd and a canvas bag below. Gradual in-
crements of weight were added to the canvas bag by pouring 
into it lead shot. The tensile strength of the wound in grams 
was calculated as being one-half of the weight of the bag and 
shot. It was not an ideal apparatus from an engineering stand-
point, but it was simple and gave readings with an error of 
only l to 2 per cent in the range of 0 to 5000 grams of tension. 
Savlo and Dunpb1"70 modified the procedure of Williams., 
Mason and Bradsba:w39 for the testing of tensile strength. lhile 
the abdomen of the animal was open after it was incised, two 
small number 32 stainless steel wire loops were placed through 
the abdominal wall one centimeter laterally to the wound on each 
side. Inside the abdomen1 these loops passed through a fine 
polyethylene tube 8 millimeters in length,, running parallel to 
the incision, which prevented the wires from pu1ling through the 
tissue, and distributed the pull more evenly over the length of 
the wound• These 11pull wires" were left in place throughout the 
experiment. The wound was then closed 'Vii th :interrupted number 
32 stainless steel through-and-through sutures. 'When the wound 
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was to be tested, the sutures were carefully removed and one 
side of the wound attached through the tfpull wires" to a fixed 
pole. The opposite npull wires• were attached by a fish line 
to a light plastic bag, suspended over a pulley. Water was 
flowed then at a steady rate into the plastic bag. The weight 
of the bag and water represented the disruption strength. 
Enzinger and Warner71 performed tensile strength tests by 
suspending a strip of tissue from a clamp and a light weight 
paper cup attached to the lower end of the strip. Water was 
then allowed to drop at a rate of approximately 50 milliliters 
per minute into the cup until the 'WOund disrupted. The milli-
liters of water required to disru.pt the wound was used as the 
index of the tensile strength. 
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Sha.fer, Beatty-, and Davis tested the tensil strength 
of wounds in a manner similar to the method described by 
7l 
Enzinger and Warner • The procedure consisted of first re-
moving a strip of tissue approximately 40 millimeters long and 
10 millimeters wide at right angles to the original incision. 
One end of the tissue strip was attached to a small spring 
clamp, while a small paper .cup was suspended from the other end 
of the tissue strip by another clamp. Bromof orm, used because 
of its rela ti vel:y high specific gravity, ns added to the cup by 
a burette lintil the strip separated at the line of incision. 
Values were recorded as milliliters of bromoform required to 
cause separation of the wound. 
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Method Of Testing Tensile Strength Of Bones. 
In 1921Allison and Brooks72 devised a techniqu whereby 
ti:ie relative strength of bone could be determined by applying 
a minima.l force which would break the bone when the bone wa 
resting on two horizontal supports. The horizontal supports 
were constantly 25 millimeters apart., and increasing weight 
applied at a point mid-way between th supports obtained 
by hanging a co tainer from this point adding sand until the 
bone broke. 
Lindsa and Howes49 studied the tensile strength of bon 
by an apparatus which consisted of standard Toledo scale 
provided with a support for the bone and a balanced lever arm 
for applying the force. The support consis d of two weight-
bearing sections placed in such a relation as to form a con-
stant spano The force was applied at two points on the bone 
at a fixed distance from the fracture site. With the bone 
resting on the supports., the force was applied at a uniform 
rate by allowing water to escape slowly from reservoir into 
a container attached to the free end of the lever arm. The 
flow of water was stopped when the bone broke. 
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Lindsay determined the breaking strength of bone by 
placing the bone in a horizontal position on t support at 
its extremities, and gradually applying a load in the center 
until the bone brokeo The load was applied by running water 
at a uniform rate of speed into a receptacle attached to the 
end of a lever arm res ting on the bone. At the instant of 
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fracture, the flow of water was stopped and the amol.Ult of water 
in the receptacle 11as weighed in grams and recorded as the 
breaking strength. 
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Peyton, Anderson and Layman described a somewhat different 
method of testing tensile strength oz bone in 1934. Each end of 
bone was embedded in plaster o! Paris. The bone was then sus-
pended by one end, and weights were added to a pan, which was 
connected to the other end of the bone, until the bone broke. 
53 Bell, Cuthburtson and Orr described a technique involving 
bending and twisting tests for measuring the strength of bone. 
They embedded the ends of bones in a hard resinous cement. The 
apparatus used to break the bone by bending had a span produced 
by two parallel flat supports onto which the cast bone ends were 
placedo A steel wire was then looped around the center of the 
shaft of the bone and weights applied to a pan which was attached 
to the steel wire. When the bone broke, the amount of weight 
needed to break the bone was recorded. They measured the inside 
and outside diameters, as well as the thickness of the bones 
tested. These measurements were then applied to engineering 
formulae, and the breaking strength expressed in pounds per 
square inch. 
Evans7S stated that the breaking strength or stress of a 
material should be computed in terms of the load {pounds or 
kilograms) per unit. area (square inches or square millimeters) 
which the material supported up to the rupture point. In order 
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to determine the breaking strength, Evans stated that the cross 
section area of the specimen of material tested must be kno • 
Even if the cross sectional area of the bone is measured, such 
5.3 
as Bell, Cuthburtson and Orr did, the true cross sectional 
area of the bone cannot be computed accurately because the bone 
contains compact bone as well as marrow, and each varies in com-
pactness. This is one of the many problems that prevents one 
from studying bone from strictly an engineering point of view. 
Gardner 76 used mice and tested the tensile strength of 
femurs with an apparatus whereby weight was progressively and 
continuously added to a one centimeter span of the femur. The 
femur was supported on knife edged supports~ Shot wa passed 
from a hamper into a container which put pressure on one cen-
ti.mater span of bone until it broke. The shot was then weighed, 
and this was recorded as the tensile strength. This apparatus 
was designed to be used with relatively light forces, with the 
bones breaking in a l to 2 kilogram range. 
58 In 19.51 Deaton, Forsyth, Coppedge and Bradshaw tested 
the healing of fractured rad.ii of dogs by suspending the bone 
on two rods. A padded lever arm, which s hinged at one end, 
was then placed over the middle of the bone. Weight was then 
added to the other end of the lever arm in 100 gram increments 
until the bone fractured. The amount of force applied then was 
detemined by replacing the bone with a balance and actually 
measuring the force. 
32. 
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Savchuck placed a rat bone on a knife-edged span of 
14 millimeters and the knite-edged top link of a chain was 
centered around the bone. The chain s attached to a con-
tainer below the bone, and mercury was flowed into the con-
tainer at a constant rate. After the bone broke, the chain, 
container, and mercury were weighed. This was considered as 
the breaking strength of the bone. 
In 1959 Savchuck77 made a slight change in the above 
apparatus by adapting a commercial testing machine (Scott 
Testers, Inc., Providence, R. I.), to the original appara-
tus. 
Gregory52 studied the tensile strength of rat femurs 
which had been woWlded, rather than fractured. He devised a 
special apparatus which allowed the b.one to be placed on two 
knife-edged brackets hich provided a constant span of 13.6 
millimeters. A knife-edged hook was centered over the bone 
at mid-span which coincided reasonably well wl th the site of 
the bone wound. container was then attached to the hook, 
and lead shot was added to the container at a constant flow 
until the bone broke. The container and shot were then weighed 
and this data recorded as the breaking strength. 
It is apparent from this review of the numerous methods 
used for testing the Uffisile strength of bones that most 
workers haw been dissatisfied 'With previous techniques and 
have attempted to refine these techniques for more accurate 
results. Unfortunately,, concise reproducible methods are still 
lacking and must a-wait further technical d velopments. 
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METHODS AND MA. TERJALS 
METHODS AND Mt\TERIA.LS 
Soft Tissue Wound Healing Experiment. 
In this portion of the study, 78 male albino rats of the 
Wistar s~, 26 to 27 days old were used. Their average 
weight at the beginning of the experiment was 5.3. 7 grams (range 
38 to 70 grams). The anj ma.ls were housed 2 to a cage in wire 
bottom cages, and maintained at a constant temperature. 
The ani maJ s were divided into a control. group consisting 
of 34 animals, and an experimental. group of 44 animals. The 
* control animals were fed stock laboratory- diet ad libit 
and were given distilled water ad libi tum. The experimental 
animals, fed once daily at approximate~ the same time, ~ 
ceived only one porcelain cup full of pi.steurized Grade 
homogenized milk daily-., approximately 100 mflliliters. The 
experimental an:imals received no drinldng water. 
The ani ma.ls were weighed weekly 1 and hemoglobin and red 
blood cell deteminations performed on all the animals at 7th, 
* Indiana University Stock Diet: 
580¥ Honiin1' 
l3C# Meat scraps 
lS/I Bone meal 
16o/I lliddlinga 
6ril Linseed meal 
60/I Dried buttermilk 
2o/I Yeast culture 
20/I .3-way mineral 
811 Alfalfa Jlleal 
l gal. Codliver oil 
21st, 34th or 35th, and 39th or 40th days after the initiation 
of the experiment. 
The AO Spencer Bright-line Hemacytometer was used for the 
red blood cell determination. The acid hematin method78 was 
used for the hemoglobin determination. 
The blood which was used in these detenninations was ob-
tained by amputating a small section of the tip of the tail 
(Figure 1). It was noted that if the animals were vra.rmed first, 
it was easier to obtain the necessaey amollllt of blood. On the 
days that the blood determinations were carried out, the exper-
imental animals were not fed until after the blood had been 
obtained. The animals, therefore, may have been slightly de-
eydrated, tending to give an elevated hemoglobin reading. 
Due to the time element involved in opera ing the animals 
to inflict the experimental wound, they were divided into two 
groups. One group ( 18 experimentals and 14 controls) was op-
era ted 34 days after the begitming of the study. The other 
group (14 experimentals (Figure 3) and 12 controls (Figure 2) 
was operated 35 days after the beginning of the study. Anes-
thesia for the opera ion was obtained by injection of 3.5 
milligrams of Abbott•s Veterinary Nembu~l Sodium per 100 grams 
of body weight. The Nembutal Sodium ( 60 milligrams per milli-
liter) was diluted with distilled water to 5 milligrams per 
milliliter in order to control the dosage more accurate~. 
After the animal had been anesthetized, blood was obtained 
from the tail for he oglobin and red blood cell determinations. 
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Figure l. Blood being removed from tip of rat1 s 
tail by using a Sahli pipette. 

Figure 2. Clinical photograph of control animal. 
Note color of eyes, nose, feet, and ears. 
Figure 3. Clinical photograph of experimental animal. 
lfote color of eyes, nose, feet, and ears. 

The hair of the abdomen of the animal then was clipped with 
electric hair clippers. Following this 1 the skin was further 
prepared with a depilatory {Nair) which was left on the area 
for about one minute; this was then thoroughly washed off1 
and the area was scrubbed with tincture of m.etaphen. In de-
lineating the wound, a stencil ma.de from a plastic ruler was 
placed on the abdomen and an indelible pencil was used to mark 
a standardized line for the longitudinal incision. The stencil 
was placed so that the incision would be 5 millimeters to the 
right of the mid.line and the anterior edge of the incision l 
centimeter below the rib cage. The stencil was used to assure 
an exact length. and a relatively constant relationship of the 
wound to the animal 1 s mid.line, thereby keeping all 1¥0unds in 
the study as nearly constant as possible. 
Each incision was made with a new number 15 Bard-Parker 
blade through the skin down to the fascia overlying the muscle 
(Figure 4). The wound was then approxima tad with 7 evenly 
spaced 000 interrupted black silk sutures (Figure 5). The wound 
was painted 1li th tincture of metaphen and covered with a small 
piece of Telfa dressing held in place with a 4 x 4 piece of 
gauze wrapped around the animal and taped in position. It was 
noted that most of the a.nima.ls had removed the dressing within 
an hour after they recovered from the anesthesia. Otherwise1 
it was removed after 24 hours. 
The animals tolerated the procedure well and there was only 
38. 
Figure 4. Longitudinal incision in rat's abdomen ma.de 
with a new number 15 Bard-Parker blade through 
skin down to the fascia overlying the muscle. 
Figure 5. Longitudinal incision closed with 7 evenly 
spaced 000 interrupted black silk sutures. 

one anesthetic death. Occasionally animals chewed or scratched 
out one or more of their sutures, but there was no gaping or 
gross.infection of the wounds. 
No attempt was ma.de to keep the tec.lmique completely 
aseptic, but the blades, suture needles, and suture material. 
were autoclaved before use. A new scalpel blade and needle 
were used for each animal. The other instruments were ster-
ilized by cold sterilizing solution (Cetylcide brand of 
benzalkonium chloride and oetyl dimethyl ethyl ammonium bro-
mide) be.fore use on each animal. 
Before the animals 11ere sacrificed on the fifth post-
operative day, the ac'Wal time interval being 96 + 2 hours 
blood was obtained from the tail fo he oglobin and red blood 
cell determinations. The animal wa sacrificed then y chloro-
form inhalation and the wound was inspected for evidence of 
infection or other unusual characteristic • The m.a:i.ning 
sutures were then carefully removed. 
The tensile strength of each of the soft tis ue ounds 
was tested by an apparatus similar to the one describ d by 
.39 
illiams, Mason, and Bradshaw • The animal placed on a 
platform on his back, and heavy elastic bands plac d over the 
hind feet as well as the front fee • A stencil was place 
over the wound and an indelible pencil was used to mark a point 
4 millimeters laterally from the middle of the longitudinal 
1J0und. 4 millimeter clamp s attached to the skin at one 
40. 
point which had been marked with the indelible pencil. This 
clamp was attached to a length of 18 pound test nylon fishing 
line which was threaded over a small pulley which in turn had 
a funnel attached to it. The line then was rethreaded through 
another pulley where another clamp was attached. This clamp 
was then attached to the skin at the other premarked area. 
opposite the first clamp. The funnel •s then slowly and 
continuously filled with bromoform from a pipette, until the 
wound disrupted, at which time the flovr of bromoform was stopped 
and the reading in milliliters recorded (Figure 6). 
Bone Wound Healing Experiment. 
In this portion of the study, 74 male albino rats of the 
Wis tar strain, 26 to 27 days old, were used. At the beginning 
of the study,, their average weight was 57.6 grams (range 45 to 
69 grams). The animals were housed 2 to a cage as in the pre-
vious experiment. 
The animals were divided into a control group, consisting 
of 36 animals,, and an experimental group, consisting of 38 an-
imals. The control animals were fed the same stock laboratory 
diet ad libi tum, and were given distilled wa. ter ad libi tum. 
The experimental anjmals were fed once daily at approximately 
the same time. They received only one porcelain cup full of 
pasteurized Grade A homogenized milk daily (approximately lOO 
milliliters). They received no drinking water. 
41. 
42. 
Figure 60 Soft tissue 'WOund testing apparatus showing 
animaJ in place. Clamps have been placed 
4 millimeters lateralzy from the longitudinal 
wound. The clamps are attached to the funnel 
under the animal by fishing line. Bromoform 
has been pipetted into the funnel thereby 
causing the disruption of the wound as sho'Wil. 

All a.nimaJ.s were weighed weekly. Hemoglobin and red blood 
cell determinations were performed in the same fashion as de-
scribed in the previous portion of the experiment. The blood 
determinations were performed on the 21st, 35th or 36th, and 
42nd and 43rd days after the initiation of the study. 
The anjmals were again divided into 2 groups, due to the 
time involved for the operations. The first group (22 experi-
mentals and 22 controls) was operated 35 days after they were 
received while the second group (11 experimentals and 10 con-
trols) was operated 36 da.ys after they were received. 
Preparatory to the operation, anesthesia was obtained in 
the same manner as in the previous soft tissue experiment. 
Following anesthesia, blood was obtained from the tail for 
hemoglobin and red blood cell determina t.ions. The hair of 
the left leg and thigh was then clipped with electric hair 
clippers. The skin was further prepared w.i. th a depila tocy 
(Nair) which was left on the area for about one minute. This 
was thoroughly removed and the area scrubbed with surgical 
soap followed by the applica t.ion of tincture of metaphen. A 
longitudinal incision approxima. tely 15 millimeters then was 
made along the anterior middle surface of the left tibia, 
and the muscle was retracted. Following this, a preformed 
rigid wire gauge measuring 6 millimeters from end to end, 
was inserted into the angle formed by the normal fusion of 
the tibia and fibula (Figures 7 and 8). number 6 round 
4.3. 
Figure 7. Placement of the wire gauge to determine 
the location of the bone 110und. 
Figure 8. Close-up view showing a dissected tibia, 
bone wound, and the wire gauge relationship. 

steel bur next was used to drill a hole into the lateral sur-
face of the tibia at the opposite end of the preplaced gauge. 
The bur was allowed to pass through the outer cortical plate 
and enter the marro , but not al.lo d to cut into the opposite 
cortical plate of bone. A new bur was used on every other 
tibia so as to ensure sharpness and unif onni ty of the holes 
placed in the bone. The area was irrigated with a sterile 
solution of normal saline. 000 black silk suture was pl.aced 
in the muscle lateral to the bone wound so as to allow identi-
fication of the wound during the histologic preparation of the 
tissue. The skin was then approximated and closed Yd th one 
metal skin clip and one 000 black silk suture -(Figure 9). 
Tincture of metaphen was then applied to the wound and the an-
imal returned to his cage. 
The control animals tolerated the procedure better than did 
the experimental animals. · Six experimental animals died follow-
ing surgery, while there were no deaths among the control am.-
ma.ls. 
All of the animals appeared to use their wounded leg with-
out any great difficulty immediately post-operatively- and 
throughout the remainder of the experiment. The animals did 
not remove the skin clip, but in a few of the animals the skin 
suture s missing at. the time of sacrifice. 
Before the a,njma.J.s were sacrificed by chloroform inhalation 
on the seventh post-operative day, the actual healing period 
being 7 days ± 2 hour , blood wa from the tail for 
45. 
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Figure 9. Closure of the skin after making a bur 
hole in the tibia. Note skin clamp and 
suture. 

hemoglobin determination and red blood cell count. 
After each animal had been sacrificed, the 190und was in-
spected for evidence of gross infection or other unusual char-
acteristics. Two control and 2 experimental aziimals were used 
for histologic studies1 the remainder of the animals being used 
for bone breaking-strength tests. 
In preparation for the bone breaking-strength tests, both 
the right and left tibia were carefully dissected from the ani-
mal. The bones were then radiographed and subjected to the 
breaking strength test devised by Gregory52• 
The bones were ra.diographed by placing both bones on an 
intra-oral periapical dental x-ray film which contained ~ films 
per packet. The film target distance wa.s 16 inches and the ex-
posure setting was ! second with the ma.chine producing 10 mill-
amperes at 65 KVP. Since the film packet contained 2 filmS, 
each film was developed at different times (2 seconds and 3l 
seconds at 68°F.) to insure good contrast to the films. 
The bone breaking-strength tests were performed by plac-
ing the tibia., with the wounded surface down, on 2 knife-edged 
brackets which provided a constant span of 13.6 millimeters. 
A knife-edged hook was centered over the bone at mid-span which 
coincided reasonably well with the site of the bone wound. A 
light ~um.inum bucke was permanently attached to the lmife-
edged hook by means of strong, light steel wires. Lead shot 
was then released by pinchcock from a container above and 
47. 
automatically poured into the aluminwn bucket which was at-
tached to the lmife-edged hook. When the bone broke, the 
impaOt caused the operator to release the pinchcock and stop 
the flow of lead shot. The hook-wire-bucket assembly contain-
ing the lead shot was then weighed on a spring balance and the 
breaking strength recorded in pounds. The hook-"Wire-bucket 
assembly weighed 0.3 0£ a pound and the flow of lead shot was 
approximately t pound per second (Figures 10-ll). 
48. 
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Figure lO. Bone breaking apparatus. Large funnel at 
top holds the lead shot. The bucket · at the 
bottom is attached to a knife-edged hook by 
way of 3 wires. The knife-edged hook is 
centered over the bone at mid-span. Shot 
is then released from the funnel into the 
bucket by releasing the pinchcock. 

Figure ll. Close-up view of the bone breaking 
apparatus. The bone has been placed 
in the frame and the knife-edged hook 
with wires to the bottom bucket (not sho'WD. 
in this view) has been centered over the 
bone. The pinchcock and plastic tubing 
containing lead shot is shown in the back-
ground. 

RESULTS 
RESULTS 
Soft Tissue ound HeaJ.:i..nG Experiment. 
The_ results of the soft tissue healing experiment are 
presented in Tables I and II. The tensile strength of the 
abdominal sld.n incision unds of the 23 healed control ani-
mals was 56.o i: 12.0 milliliters of bro form, hile tor the 
28 experimental animals the tensile strength wa 44.2 't 5.28 
milliliters of bromoform. These data was subjected to sta-
ti tical ana]J"sis and found to be significant (p(.O.Ol). 
The results of the red blood cell counts are given in 
Tables III and IV. The red blood cell count, befo sacrifice, 
of 11.i. control animals was 5,3201 000 :t 7101 00 per cubic milli-
meter, and for the 11 other control ani ma.ls carried out the 
following day was 5, 760,000 ± 519,000 per cubic miDjmeter. 
The red blood cell count of 17 experimental animals was 
2,880,000 ± 784,000 per cubic millimeter, and for the l3 
other experimental animals on the following day 
'tl,012,000 per cubic millimeter. 
2,390,000 
The results of the hemoglobin determinations are shown in 
Tables V and VI. The hemoglob:in value, before sacrifice, of 14 
control animals was 13.9 :t 1.3 grams per 100 millimeters of 
hole blood, and for _the ll other control animals on the foll 
ing day 14.4 ± 1.1.i. grams per 100 millimeters of whole blood 
51. 
Table I. 
TENSILE STRENGTH OF THE SOFT TISSUE CONTROL WOUNDS 
Animal number 
2 
3 
4 . 
5 
6 
7 
8 
9 
10 
12 
15 
16 
17 
18 
19 
2l 
22 
23 
25 
31 
32 
3.3 
34 
Tensile strength of wound 
(millili'ters of bromof orm) 
31.0 
.31.0 
46.o 
63.0 
59.0 
75.0 
69.0 
71.0 
71.0 
47.0 
48.o 
s1.5 
54.0 
63.0 
73.0 
62.0 
68.0 
so.o 
49.0 
51.0 
49.0 
53.0 
49.0 
Meall - - - - - - - - - - - - - - - - 56.o 
Standard deviation - - - - - - - - - 12.0 
52. 
Table II. 
TENSILE STRENGTH OF THE SOFT TISSUE EXPERIMENTAL WOUNDS 
Aiti.mal ·number 
35 
37 
38 
39 
40 
43 
W+ 
46 
47 
49 
so 
52 
54· 
57 
60 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
74 
75 
77 
Tensile strength of wound 
(milliliters of bromoform) 
48.o 
35.S 
39.5 48.o 
38.5 
45.o 
41.0 
53.0 
40.0 
42.0 
31.0 
53.0 
36.0 
49.0 
46.o 
48.2 
42.0 
46.5 
47.8 
41.8 
42.5 
48.5 
48.5 
u.s 
48.o 
41.5 
47.5 
48.5 
Mem - - - - - - - - - - - - - - - - !il.4..2 
Standard deviation - - - - - - - - - 5.3 
54. 
Table Ill, 
RED BLOOD CELL COUNT OF SOFT TISSUE EXPERIMENTAL ANIM\LS 
(Cells per cubic milljmeters x 10.3) 
n1mal Day of count 
Number 1 21. 33 3~ .37 .38 
35 2,510 5,100 
-
3,200 1,600 
36 2,150 3,750 3,640 2,200 
37 1,900 2,500 
-
2,,490 1,,590 
38 4,210 5,200 4,200 2,650 
39 4,100 4,550 2,200 2.,.300 
40 2,200 4,300 4,500 2,010 
43 4,500 6,200 
-
4,910 
-
.3,550 
44 1,850 2,500 2,,500 4,850 
45 2,650 .3,560 - 6,200 -
. 46 4,750 4,550 - 2,490 - l,400 
47 .3,100 4,850 l,650 
48 3,210 
-49 3,650 4,380 - 4,200 2,650 5o 3,150 3.,580 2,100 1,500 
52 2,170 2.,850 . .3,280 .3,050 
53 2,910 2,500 2,300 
54 2,810 5,150 3,900 
-
.3,090 
55 1,140 2,400 - ...... -56 5,010 6,400 
-57 70 4,500 l,J.40 2,200 
58 1,450 -
59 4,.380 - -
60 3,940 4,310 2,,700 
-
3,100 
61 4,210 3,350 3,400 62 1,120 5,900 3,600 -
6.3 4,800 .3,550 . 3,100 2,100 -
64 2,450 5,,100 3,400 - 2,200 -65 3,390 4,150 3,150 2,400 -
66 5,600 2,100 2,090 2,200 
67 4,550 5,300 2,900 - 3,.360 68 5,900 .3,100 4,300 - 3,,550 
69 4,41.0 5,115 2,200 l,600 
70 2,980 5,200 3,150 - 4,100 
71 4,590 2,200 3,600 2,270 
72 J,480 3,240 -
73 6,600 5,300, .... -
74 4,690 .3,400 3,500 - 3,400 -75 4,210 .3,950 2-,400 - 2,500 
76 .3,980 - - -
77 4,200 J,550 4,200 4,,100 
78 .3,900 7,200 2,800 - 3,200 
Mean .3,520 4,120 3,030 3,630 2,880 2,.380 
Standal'd 
Deviation 784 1,012 
55. 
Table IV. 
RED BLOOD CELL COUNT OF SOFT TISSUE CONTROL ANIMALS 
(Cells per cubic millimeter x io3) 
Animal Day of count 
Number 7 21 33 34 37 38 
1 5,200 3,500 4,200 
-2 3,620 3,100 6,800 
-
5,750 
.3 2,500 3,650 
-
5,210 
-
6,ooo 
4 2,21&.o 4,350 4,200 
-
6,100 
5 5,150 3,010 5,200 4,900 
6 3,500 4,900 6,500 6,070 
7 5,200 3,850 
-
5,6oo 5,950 
8 3,010 4,100 
-
6,280 5,010 
9 4,100 6,150 5,950 5,900 
10 5,100 4,810 
-
5,390 6,400 
ll 5,230 4,930 
12 2,520 5,390 
-
6,450 4,800 
14 3,620 4,800 4,100 
-
6,500 
15 2,.520 5,100 5,450 4,400 
-16 4,980 5,410 3,750 5,090 
17 2,510 5,090 5,200 5,300 
18 2,210 4,750 4,050 6,100 
19 2,830 5,100 5,100 5,200 
20 4,510 6,120 5,400 . 5,100 
-21 5,230 5,380 6,400 4,780 
22 1,530 3,100 5,880 5,950 
23 1,,620 5,820 6,800 
- -· 24 4,530 5,310 
-2$ 5,560 3,200 5,200 
-
4,800 
26 5,100 3,100 
27 3,050 5,850 
-30 l,120 2,550 6,100 
-
6,490 
-31 1,750 4,550 6,090 5,200 
-32 1,300 5,050 4,600 
-
4,200 
3.3 3,120 2,100 5,600 5,900 -
34 2,630 4,0.50 3,500 6,100 
Mean 3,540 4,410 5,270 5,490 5,320 .5176o 
Standard 
Deviation 710 597 
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Table V. 
HEMOOLOBIN OF SOFT TISSUE EXPERIMENTAL ANIMALS 
(Grams per 100 millimeters of whOle blood) 
Animal Day of count 
Number 7 2l 33 34 37 38 
35 13.l 11.0 6.6 4.9 
36 
-
10.3 1.9 4.9 
31 14.1 10.8 10.5 10.2 
38 13.7 8.2 
-
8.6 
39 
-
u.o 8.6 5.3 
40 
-
12.2' 8.6 a.a 
43 
-
13.7 8.6 6.3 
44 8.3 1.2 6.6 
45 
-
9.1 9.S 
46 
-
l0.8 6.6 
-
4.7 
47 
--
7.9 1.6 
49 
-
10.6 9.9 6.3 
50 9.1 9.S 6.J 5.9 
52 
--
a.o 5.9 4.6 
53 13.1 9.1 -54 12.0 11.0 4.7 4.6 -5, 12.4 9.1 - -56 
--
8.1 
-
57 
-
10 • .3 7.2 4.6 
58 8.1 - -
59 J.h..2 -
60 
--
9.1 8.4 
-
5.9 
-
61 
-
9.1 
-
62 
--
8.J 6.5 5.3 
-
6.3 
--
9.1 8.6 8.2 
64 
---
8.o 6.7 5.9 
65 
---
10.3 8.6 1.9 
66 
--
9.1 8.4 6 • .3 
67 ...... 8 • .3 6.6 5.1 
68 
--
9.1 7.2 5.9 
69 __,,. 14.9 ll.O 7.9 9.5 8.4 10.2 -10 
-- 10.8 6.6 10.5 
-71· _. 6.6 
-72 __. 
13 10.8 -
-- 6.1 8.6 74 i2.o 9.1 -
75 i2.2- 6.8 6.1 · J.6 -
76 - -
--- l.4.1 11.2 7.9 77 t 
-- lJe 7 9.8 8.6 78 
---
M ·12.0 10.0 1.8 1.9 6.9 6.5 
s dard +.98 lo79 Devi tion 
Table VI 
HEMOGLOBIN OF SOFT TISSUE CONTROL ANIMI\~ 
(Grams per 100 millimeters of hole blood) 
Animal Day of count 
Number 7 21 33 34 37 38 
1 18.2 15.2 
-
17.2 
2 12.2 16.o 16.8 15.8 
3 
-
15.2 15.8 15.8 
4 14.4 llh9 15.2 
5 15.2 11.9 13.9 
6 14.4 13.9 13.2 
7 16.o 
-
9.9 12.2 
8 
-
10.6 13.9 
-
13.9 
9 13.7 12.2 13.9 
10 13.0 12.9 13.5 15.2 
11 16.7 
- -12 J.4.4 13.7 
-
12.9 
l4 
-
19.0 
-
12.9 
-
16.5 
15 13.8 13.7 15.4 12.9 
16 11.0 15.4 15.4 
-17 
-
13.7 15.4 11.9 
-18 14.1 9.1 
-
13.2 
19 12o0 14.4 12. 7 13.2 
20 12.4 9.1 14.7 
21 12.2 14.4 15.l 15.6 -
22 13.4 14.4 16.6 JS.o 
23 9.1 16.o 15.5 - 13.9 -24 16.4 19.0 
25 
-
8 • .3 12.5 12.7 
26 17.4 14.1 
-
27 
-
19.4 
30 13.2 16.o JS.l 15.6 
31 12.6 12.5 12.5 13.2 
32. 14.4 16.6 11.9 
33 14.4 16.6 13.9 -
34 13.3 17 • .3 
-
15.4 
Mean JJ.5 J.4.4 J.4.7 13.9 13.9 14.4 
Standard 
1.40 Deviation l.34 
The hemoglobin value of 17 experimental animals + s 6.9 - 1.9 
g per 100 mil.li.Jneter of whole blood, and for the l3 other 
+ 
experimental animals on the following day 6.S - i.7 grams 
There was a mean hemoglobin dee se of 1.1 grams per 100 
millimeters of whole blood during the 7 dq healing period in 
the experimental animals, and a mean decreas of 0.3 grams per 
100 millimeters of whole blood during the same period in the 
o ntrol animals. 
The results of the weight gains and losses are give in 
Tabls VII. The mean weight of the control animals at the t 
of wounding was 189 grams 1 and the weight of the experimental 
ani ma.ls was 125 grams. The mean weight of the control ani Df\l..s 
at the time of sacrifice 11'8.S 208 grams, and the mean weight of 
the experimental animals was 128 grams. 
The histologic studies did not reveal any significant dif-
ferences microscopicall.y between the control and experimental 
animal.a {Figures 12-JJ). 
Bone Wound Healing Experiment. 
The results of the bone healing experiment are presented in 
Tables VIII, IX, and X. The breaking strength of the bone wounds 
of the 27 control animals ns 10.90 !: 2.S2 pounds and l.4.S7 + 
2.18 pounds for the opposite non-110unded tibia 
The breaking strength of the bone wounds of the 25 experi-
58. 
Days of 
Experiment 
Control 
Table VII 
SOFT TISSUE S'IUDY 
MFAN WEIGHT OF ANIMA.LS IN GRAMS · 
l 7 14 21 28 33 34 31 38 
55.1 68.3 90.8 131.3 169.2 201.0 183.0 220.0 192.0 
Experimental 53.2 66.8 88.0 99.l 115.l 120.0 130.0 126.o 129.0 
Figure 12. Photomicrograph showing good healing of a 
control soft tissue wound after five days 
healing. 
Figure 13. Photomicrograph showing poor healing of a 
control soft tissue wound a.f'ter five days 
healing. 

Table VIII. 
'l'ENSILE STRENGTH OF THE CONTROL BONE WOUN.00 
Animal 
Number 
1 
3 
4 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
16 
17 
19 
20 
21 
22 
23 
24 25 
26 
29 
30 
33 
34 
36 
Mean 
Standard 
Deviation 
Tensile strength in po'Wlds 
Normal leg Wounded leg 
13.31 
10.81 
19.00 
16.63 
14.00 
l4.o6 
13.00 
16.25 
11.50 
15.56 
16.oo 
16.15 
12.37 
J.4.75 
12.56 
JS.43 
12.68 
13.63 
16.56 
17.87 
12.75 
14.43 
15.75 
l.5 • .56 
19.00 
15.43 
11.75 
2.18 
10.75 
s.2s 
16.25 
14 • .50 
l0.75 
7.00 
9.00 
14.56 
a.2s 
13.23 
11.31 
l0.56 
10.09 
10.00 
10.31 
12.25 
9.87 
11.12 
14.56 
l3.94 
9.56 
8.13 
9.25 
9.75 
12 • .56 
12.2' 
9.50 
10.90 
61. 
Table IX. 
1ENSIIE STRENGTH OF THE EXPERIMENTAL BONE IDUNDS 
Animal 
Number 
37 
38 
.39 
42 
43 
4S 
46 
47 
48 
49 
50 
51 
52 
54 
56 
58 
59 
6.3 
64 
66 
67 
68 
69 
72 
13 
Mean 
Stendard 
Deviation 
Tensile strength in pounds 
Normal leg 
10.25 
l0.81 . 
8.63 
9.00 
ll. 75 
10.00 
7.81 
8.56 
ll.56 
12.00 8.oo 
9.50 
a.so 
l0.75 
a.oo 
8.63 
l0.2S 
9.94 
9.50 
7.31 
ll • .56 
9.15 
l0.43 
a.oo 
8.50 
1.36 
ormded leg 
a.15 
7.63 
6.oo 
6.oo 
a.oo 
1. 75 5.81 
4.81. 
9~12 
9.94 
4.12 
6.63 
5.50 
7.25 
, 6.50 
6.75 
7.50 
7.19 
5.56 
5.12 
8.56 
J.75 
1.00 
6.81 
4.25 
l.81 
62. 
Table X. 
IBNSILE STRENGTH OF UNHFALED BONES 
-CONTROL BONE: 
Animal 
Number 
5 
35 
Mean 
Tensile strength in pounds 
Normal leg Wounded leg 
12.28 
EXPERIMENTAL BONE: 
Animal 
Number 
40 
41 
S3 
74 
Mean 
Tensile strength in potmds 
Normal leg Wounded leg 
8.25 
10.00 
l0.31 
10.50 
9.76 
4.00 
7.56 
·1.50 
6.50 
6.38 
% Strength of non-
wound d (left/right 
x 100) 
62.5% 
56.4% 
59o4% 
% Strength of non-
wound d (left/right 
x 100) 
48.5% 
75.6% 
66.3% 
61.9% 
63.0% 
63. 
mental animals was 7 .4S ~ l.81 pounds and 9.56 ! l.36 pounds 
for the opposite no -wounded tibia. 
The difference between the breaking strength of the wounded 
tibias in the control and experimental groups of anjma.ls was 
significant (p\o.Ol). In addition, the difference in the break-
ing_ strength of the non-... ounded tibia of the 2 groups was found, 
also, to be significant (p(O.Ol). 
The mean breaking strength of the wounded control animaJ 
bones that were tested immediately .after operatioi:>- •s 7 .37 poun 
and 12.28 pounds for the non-wunded tibia. The mean breaking 
strength of the wounded experimental animal bones that were tested 
imm.ediateiy a.tter operation was 6.38 pounds and 9.76 pounds for 
the non-110unded tibia. 
The results of the red blood cell counts are shmm in Tables 
XI and XII. The red blood cell count before sacrlf'ice of 21 con-
trol animals was 51 7701000 ! 801,000 per cubic millimeter and for 
the 9 other control animals aacr:i.ficed on the following day 1188 
S,600,000 ~ 841,000 per cubic millimeter. The red blood cell · 
. + 
count of 18 experimental. animals was 2, 700,000 - 643$000 per cu-
bic millimeter and for the 9 other experimental animals sacri-
ficed on the following day was 31420,000 :t 3091 000 per cubic 
ndl.lim.eter. 
The results of the hemoglobin determinations SJ:-e given in 
Tables XIII and nv. The hemoglobin value before sacrifice of 
21 control animals was 14.80 t 1.66 grams per 100 millimeters ot 
64. 
65. 
Table XI. 
RED BLOOD CELL COUNT OF EXPERIMENTAL ANIMA.LS WITH BONE WOUNDS 
(Cells per cubic millimeter x io3) 
Animal Day of count 
Number 2l 34 32 4l !t2 
37 2,6oo 1,800 2,800 
38 3,900 3,200 1,500 
-39 4,380 2,200 
-
2,750 
-40 4,800 4,500 
4l 4,100 2,300 
-42 3,650 1,850 2,400 
43 4,100 1,750 2,100 
44 3,100 2,200 
45 3,400 3,650 3,600 
46 2,800 3,850 2,010 
-47 3,100 3,400 4,200 48 2,500 4,400 2,200 
49 4,000 4,800 3,100 
50 3,400 3,750 2,100 
-51 3,100 2,800 
-
3,200 
-52 4,400 2,670 
-
3,000 
-53. 2,850 3,100 
54. 3,600 3,400 2,970 
55 4,090 
-56 2,190 2,900 2,800 
58 2,990 1,,980 2,130 
59 2,.150 2,100 
-
2,090 
-60 6,100 
62 3,300 4,080 3,700 
63 2,300 5,500 4,300 
64 5,900 3,100 
-
5,200 
65 5,900 3,600 3,200 
66 3,400 
-
5,600 3,200 
67 1,950 3,100 
-
3,600 
68 4,100 
-
2,800 2,300 
69 2,500 4,ooo 2,000 
10 3,200 2,600 
71 1,900 
- -72 2,600 
-
2,040 
-
3,600 
13 5,200 4,900 3,200 
74 3,100 
-
2,800 
-
Me 3,550 3,030 3,640 2,700 3,420 
Stan d 
Deviation 643 309 
66 
T ble XII. 
RED BLOOD CELL COUNT OF CONTROL NIMA.IB WITH BONE WOUNDS 
(Cell per cubic mill ter x lc3) 
Animal Day of count 
Number 21 34 35 41 4 · 
1 5,100 5,980 6,100 
2 5,900 4,800 4,800 
3 6,030 4,600 5,100 
4 5,090 5,,800 6,ooo 
5 4,300 3,600 
6 4,900 5,500 6,400 
7 6,090 5,400 5,050 
8 7,080 4,600 6,060 
-9 4,350 5,100 
-
6,090 
-10 3,800 6,ooo 6,800 
ll 5,900 4,500 4,500 
12 5,600 5,300 6,600 
13 6,000 5,ooo 6,400 
14 . 3,600 6,100 5,100 
16 3,900 4,800 6,270 
17 6,100 6,0.50 5,oao 
19 4,800 5,100 5,390 
-20 5,200 6,850 .5,010 
-2l .5,200 3,650 1,500 
22 3,700 6,000 4,800 
23 6,100 6,010 5,300 
24 4,900 5,300 
-
6,900 
-25 5,400 
-
5,200 
-
4,700 
26 5,100 5,300 6,100 
27 4,300 6,100 6,600 
28 5,600 6,800 4,500 
29 6,000 
-
5,100 5,710 
30 5,600 5,ooo 6,200 
31 4,850 
32 6,400 5,600 3.3 1,900 6,890 
34 5,010 5,090 - 5,300 35 4,400 
-
5,ooo -36 5,010 5,600 
-
5,699 
Mean 5,270 5,280 5,600 5, 110· 5,600 
Standard 841 Deviation 801 
Table XIII. 
HEMOGLOBIN OF EXPERIMENTAL A LS WITH BONE OUNDS 
(Grams per 100 millimeters of whol . blood) 
nimal Da or determi ti on 
N lb er 21 34 35 41 ~ 
37 6.1 3.4 4.6 
38 .6.l 7.8 4.6 
39 7.9 6.9 4.9 
40 8.4 8.9 
41 1.1 6.6 
42 9.2 7.2 3.9 
-43 1.2 8.4 4.6 
l&4 6.o 5.3 
-45 8.6 6.6 5.3 
46 5.7 5.6 3.3 
47 8.9 8.4 5.9 
48 8.3 4.9 3.3 
49 8.3 5.6 4.6 
-50 8.2 5.6 3.9 
51 7.3 4.3 3.9 
52 1.6 5.6 
-
5.3 
53 8.7 1.6 
54 9.1 .8.9 8.6 
55 8.J 
-56 8.8 4.9 4.9 
58 8.6 6.3 4.6 
59 6.9 4.o 4.6 
-60 9.2 
- -62 7.3 5 • .3 4.9 
-63 10.6 1.8 9.5 
64 10.6 9.2 JJ.2 65 10.9 5.3 8.6 
66 9.6 8.4 1.9 
67 7.9 8.4 5.9 
68 8.6 8.4 6.6 
69 8.6 7.2 
-
4.6 
70 7.2 4.0 
-
71 1.9 
3.4 72 5.6 3.9 
73 11.9 7.8 8.2 
74 1.6 7.8 
Mean a.2 6 • .3 7.i 4.8 7.6 
Standard 
Deviation l.17 2.81 
68. 
Table XIV. 
OOLOBIN OF CONTROL AN WITH BONE WOUNDS 
(Grams per 100 mil tars of whole blood) 
Animal Day of determinatio 
Number 21 .34 ~5 ~ 42 
l 13.2 14.3 l.4.5 
2 14.S 12.7 
-
1.3.2 
3 u.9 12.7 12.6 
-4 14.S l3.9 15.8 
s 12.5 9.6 
6 n.6 12.7 13.4 
-1 14.5 12.7 13.9 
-8 is.2 12.2 1.3.9 
9 8.8 12.7 15.2 
-10 14.5 13.9 
-
13.2 
ll 13.9 13.9 12.2 
12 14.S 15.8 16.5 
l.3 12.9 16.5 
-
17.2 
14 12.9 15.2 17.2 
16 ll.4 J.4.5 u.9 
17 15.8 15.2 15.8 
19 13.9 14.5 16.5 
20 10.6 12.6 l.4.5 
-21 1.3.2 11.9 13.9 
22 13.2 l.3.9 
-
15.8 
2.3 13.9 14.5 16.5 
-24 13.9 15.2 17.2 
25 · 12.s 12.7 
-
15.8 
26 J.4.5 13.9 
-
14.5 
27 12.9 15.2 - 15.2 28 12.$ 17.2 ]J.2 
29 13.9 13.2 15.8 
30 14., 13.9 
-
12.7 
31 15.2 
.32 9.6 
-
33 l3.9 14.l 15.2 
34 u.6 11.9 14.S 
35 12 • .5 l.4.l 
36 12.5 
-
11.9 
-
l.3.9 
Mean 13.2 13.7 1).8 14.8 14.5 
Standard 
Deviation 1.66 1.10 
whole blood and for the 9 other control animals tested on the 
+ following day was ll&..5o - 1.10 grams per 100 millimeters of whole 
blood. The hemoglobin value or 18 experimental animals was 4.80 
+ 
- 1.17 grams per 100 millimeters or whole blood and for the 9 
other experimental animals tested on the following day 1'a8 7 .60 
..,.. 
- 2.81 grams per 100 millimeters or whole blood. 
There was a mean hemoglobin decrease of l.O gram per 100 
millimeters of whole blood during the 7 day healing period in the 
control animals and a mean decrease of o.8 grams per 100 milli-
meters of whole blood during the same period in the experimental 
animals. 
The results of the weight gains and losses are given in Table 
XV. The mean weight of the control ani maJ s at the time of wound-
ing was 209.6 grams, irhile the mean weight of the experimental. 
animals 'AS 12.3 .l grams. The mean weight or the control ani ws 
at the time of sacrifice was 230.3 grams, and the mean weight of 
the experimental animals •s 128.o grams. 
The roentgenogra.ms of the control and experimental tibiae 
revealed varying degrees of radiopaci ty around the wounded areas• 
but did not show any unusual characteristics (Figures 14-15. 
The bistologic studies did not reveal any unusual di.f'f'erencea 
microscopically between the control and e:xperimental animals 
(Figures 16-17). 
10. 
Table x.v. 
MEAN WEIGHT OF THE ANIMALS IN THB BONE STUDY IN GRAMS 
Day of experiment 
l 7 l4 21 28 34 3$ 4l 42 
Controls 60.2 a2.2 io1.o J.46. 7 170.S 211.6 2<$.2 225.o 242 .• 4 
Experimental 55.o 73.4 89.7 103.4 109.6 123.4 122.6 125.S 133.6 
• 
Fi 14. tgenog hawing typical ppea~ ce 
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